The corticotropin-releasing hormone type I receptor (CRHR1) gene has been implicated in the liability for neuropsychiatric disorders, particularly under conditions of stress. On the basis of the hypothesized effects of CRHR1 variation on stress reactivity, measures of adulthood traumatic stress exposure were analyzed for their interaction with CRHR1 haplotypes and singlenucleotide polymorphisms (SNPs) in predicting the risk for alcoholism. Phenotypic data on 2533 nonrelated Caucasian individuals (1167 alcoholics and 1366 controls) were culled from the publically available Study of Addiction: Genetics and Environment genomewide association study. Genotypes were available for 19 tag SNPs. Logistic regression models examined the interaction between CRHR1 haplotypes/SNPs and adulthood traumatic stress exposure in predicting alcoholism risk. Two haplotype blocks spanned CRHR1. Haplotype analyses identified one haplotype in the proximal block 1 (P = 0.029) and two haplotypes in the distal block 2 (P = 0.026, 0.042) that showed nominally significant (corrected P < 0.025) genotype × traumatic stress interactive effects on the likelihood of developing alcoholism. The block 1 haplotype effect was driven by SNPs rs110402 (P = 0.019) and rs242924 (P = 0.019). In block 2, rs17689966 (P = 0.018) showed significant and rs173365 (P = 0.026) showed nominally significant, gene × environment (G × E) effects on alcoholism status. This study extends the literature on the interplay between CRHR1 variation and alcoholism, in the context of exposure to traumatic stress. These findings are consistent with the hypothesized role of the extra hypothalamic corticotropin-releasing factor system dysregulation in the initiation and maintenance of alcoholism. Molecular and experimental studies are needed to more fully understand the mechanisms of risk and protection conferred by genetic variation at the identified loci.
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Keywords: Alcoholism, corticotropin-releasing hormone, CRHR1, genetics, stress Twin and adoption studies have shown that the heritability of alcoholism may be as high as 50-60% (Kendler et al. 1997; Prescott & Kendler 1999) . The neuropathophysiology of alcoholism and its underlying genetic architecture is complex and remains largely elusive. In recent years, progress in the identification of genetic risk has occurred through the use of intermediate phenotypes for alcohol use disorders (Ducci & Goldman 2008; Hines et al. 2005) , including the effects of alcohol on the neural pathways of stress. The corticotropin-releasing factor (CRF) is critical to the stress response through its activation of the corticotropin-releasing hormone type I receptor (CRHR1), as CRF stimulates the synthesis and release of adrenocorticotropic hormone by the pituitary which in turn stimulates the synthesis and release of cortisol by the adrenal cortex. Hypothalamic-pituitaryadrenal (HPA) axis dysregulation can develop in response to childhood trauma, which permanently alters the stress response to acute stressors into adulthood (Nemeroff, 2004) . Further, dysregulation of the extra hypothalamic CRF system is associated with the development and maintenance of alcoholism in both preclinical (Koob 2008 (Koob , 2010 and clinical (Sinha 2001 ) models. Specifically, neurobiological models have emphasized the role of CRF in extrahypothalamic systems in the extended amygdala including dysregulated response to stressors, which is thought to contribute to the maintenance of alcoholism (Heilig & Koob 2007; Koob 2010) . To that end, pharmacotherapies that can effectively target CRF system dysregulation are of great interest for the treatment of alcohol dependence (AD) (Ciccocioppo et al. 2009 ). For example, a selective CRHR1 antagonist was found to reduce alcohol self-administration in animals with a history of chronic alcohol exposure (Funk et al. 2007 ) and to block stress-induced reinstatement in alcohol preferring rats (Hansson et al. 2006) .
In light of the literature supporting the biological and clinical plausibility of CRHR1 involvement in stress reactivity and addiction vulnerability, recent molecular genetic studies have examined the CRHR1 gene for its association with alcoholism, with and without accounting for environmental stress measures (Blomeyer et al. 2008; Chen et al. 2010; Kranzler et al. 2011b; Nelson et al. 2009; Treutlein et al. 2006) . As expected, there is more extensive linkage disequilibrium (LD) across CRHRI in Caucasians than in individuals of African ancestry Roy et al. 2012) . Additionally, the two populations can be distinguished by a 900 kb inversion polymorphism in those of European descent that is absent in those of African heritage (Stefansson et al. 2005) . However, in both ethnicities there is a distinct proximal haplotype block (henceforth called haplotype block 1) that spans intron 1 of the gene. Bradley et al. (2008) identified a three single-nucleotide polymorphism (SNP) haplotype (rs7209436, rs110402 and rs242924), commonly known at the TAT haplotype, within this block that was protective against major depression in both African Americans and Caucasians who had experienced significant childhood trauma . Kranzler et al. (2011a,b) found that the TAT haplotype interacted with adverse childhood experiences to predict depression in African American women; however, no genotype or gene × environment (G × E) effects were found for alcoholism risk in this sample (Kranzler et al. 2011b ). It appears that rs110402 is a tag SNP for this haplotype. Treutlein et al. (2006) examined the association between 14 CRHR1 haplotype tagging SNPs (tag SNPs) and alcohol use in two independent samples, one comprised of adolescents and one of adult drinkers (Treutlein et al. 2006 ). This study implicated two SNPs (rs242938 and rs1876831), located distal to haplotype block 1, with alcohol use phenotypes in both samples. A follow-up study of the adolescent sample reported an interaction between these two markers and measures of negative life events as predictors of the progression from heavy drinking to alcohol use disorders (Blomeyer et al. 2008) . Nelson et al. (2009) examined the interaction between CRHR1 genotype and childhood sexual abuse as predictors of heavy drinking and AD in a large Caucasian sample (n = 1128). Results revealed a significant G × E effect for alcohol consumption and alcoholism risk, such that the haplotype comprising the aforementioned SNPs, rs242938 and rs1876831, had a protective moderating effect (Nelson et al. 2009 ). However, the specific interaction of adult trauma exposure with CRHR1 polymorphisms as a risk factor for alcoholism has not yet been explored.
In light of the literature reviewed above, the aim of our study was to determine the main and interactive effects of CRHR1 haplotypes and SNPs and adulthood traumatic stress exposure on alcoholism risk in a large sample of cases and controls of European ancestry.
Materials and methods

Participants
Data were culled from the Study of Addiction: Genetics and Environment (SAGE) genome-wide association study (GWAS) . Complete data for this study were available for a total of 2533 Caucasian participants in the SAGE (dbGaP study accession phs000092 v1.p1) dataset. Alcohol-dependent cases and nonalcoholic controls were selected from three large datasets: Caucasian participants identified, and for whom complete data were available, 1167 were classified as alcohol dependent 'cases' and 1366 as 'controls'. The sample characteristics are presented in Table 1 . A detailed demographic description of the SAGE sample has been provided elsewhere . All subjects provided written informed consent for genetic studies and agreed to have their DNA and clinical data available to investigators through the National Institutes of Health repositories. All data for this study were de-identified.
Psychiatric assessments
A common psychiatric assessment was performed across all three studies based on the Semi-Structured Assessment for the Genetics of Alcoholism (SSAGA) (Bucholz et al. 1994) , allowing for pooling of phenotypic data. In all studies, cases were identified as having a lifetime history of AD according to the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV). Controls were individuals who had been exposed to alcohol (and possibly to other drugs) but had not developed alcohol or drug abuse and/or dependence in their lifetime. Controls were also screened to exclude individuals with major Axis I disorders, such as schizophrenia, mood disorders and anxiety disorders.
Traumatic stress exposure in adulthood
Exposure to traumatic stress was derived from the post traumatic stress disorder (PTSD) items of the SSAGA, the Semi Structured Assessment of Cocaine Dependence (SSACD) or the Semi Structured Assessment of Nicotine Dependence (SSAND). Traumatic stress exposure was assessed via participant self-report of ever having 'experienced or witnessed something that is so horrible that it would be distressing or upsetting to almost anyone'. It was up to the judgment of both the participant and the interviewer to assess the magnitude of distress caused by the event. Further probing by the interviewer indicated whether the trauma exposure involved physical assault, rape, sexual assault or other. For hypothesis testing, we used the SAGE items capturing the following three types of trauma: (1) sexual, (2) physical and (3) non-physical or sexual. Examples of traumatic events are: military combat; an assault, rape or kidnapping; seeing someone seriously injured or killed; a flood, earthquake, large fire or other disaster; an airplane crash or serious car accident; a shooting or bombing; or any situation where you feared there was a serious threat to your life or to the life of another person. Endorsements of traumatic events that did not involve direct physical or sexual trauma were then coded as 'non-physical or sexual'. Because exposure to non-physical or non-sexual trauma was overly prevalent in this sample (64.4%), the present analyses focused on direct sexual and physical traumatic events only. A total of 50.5% of cases and 28.7% of controls endorsed exposure to either sexual or physical trauma; details are provided in Table 1 . Variables on childhood physical abuse, sexual abuse and neglect were available, although these data were deemed unreliable due to 
Genotypes
All DNA samples were genotyped on the Illumina Human 1M beadchip (Illumina, Inc., San Diego, CA, USA). After extensive data cleaning and quality control procedures, described in detail elsewhere ), a total of 948 658 SNPs were analyzed in the primary GWAS. For the purpose of this study, we focused the analyses on the 21 SNPs covering the CRHR1 gene, which is approximately 51.55 kb in length and maps to 17q21.31. Two SNPs (rs4792882 and rs16940655) did not have sufficient genotypic variance (<2% minor allele frequency; MAF) and were therefore excluded, leaving a total of 19 SNPs for analyses. Singlenucleotide polymorphisms gene location, chromosomal position, allele frequency and Hardy-Weinberg Equilibrium (HWE) are presented in Table 2 .
Statistical analyses
Since there is no known functional CRHR1 polymorphism we used a haplotype-driven approach to capture potential CRHR1 variation. This approach is likely to detect the disease association of any allele, known or unknown, of moderate abundance and effect size for areas of the genome with conserved block structure, such as across the CRHR1 gene. Within each of the two haplotype blocks, we performed one analysis -a logistical regression analysis -and this identified the haplotypes that had an independent main effect as well as a G × E effect on outcome (see Tables 4 and 6 ). In secondary analyses, we then went further to determine whether any of the tightly linked SNPs provided the signal for the haplotype effects. Since at the outset we could not hypothesize which haplotype block might be associated with disease, for the purpose of type I error correction a nominal P-value threshold of P = 0.025 was set (P = 0.05 divided by the number of haplotype blocks identified (i.e. 2).
Haplotype analyses
Haplotype frequencies were estimated using a Bayesian approach implemented with PHASE (Stephens & Donnelly 2003) . Linkage disequilibrium relationships of the 19 SNPs were examined using HAPLOVIEW software (Barrett et al. 2005 ) the PHASE v2.1.1 software (Stephens et al. 2001) . Haplotype blocks were defined using validated a priori methods (Gabriel et al. 2002) . In order to test the effects of CRHR1 haplotypes on the likelihood of meeting criteria for alcoholism, as well as its interaction with trauma exposure, logistic regression models were run for each haplotype block using R STATISTICAL software. These models included sex (to correct for sex imbalance between cases and controls) and trauma exposure as covariates, and each haplotype within the respective block (1 or 2), as well as the interaction between haplotype and traumatic stress (G × E). For all haplotype analyses, the most frequent haplotype was used as the reference group.
Secondary SNP analyses
In order to determine which SNPs might be contributing to a haplotype effect, a series of logistic regression models were conducted testing whether AD status (cases vs. controls) was predicted by CRHR1 SNP, traumatic stress exposure and their interaction (G × E). Genotypes were coded log-additively (0, 1 and 2 copies of the minor allele). All models included sex as a covariate to control for the sex imbalance between cases and controls.
Results
Haplotype analyses
Haplotype blocks and pairwise D values are shown in Fig. 1 . Two haplotype blocks were identified: block 1 includes three SNPs (8 kb): rs4792886, rs110402 and rs242924 while block 2 includes 15 SNPs (19 kb) and extends from rs242942 to rs1876829. The 3 UTR (untranslated region) SNP rs16940686 was distal to block 2. Haplotypes within each block are presented in Table 3 , along with their respective frequencies in cases and controls.
Haplotype block 1: haplotype analyses
From Table 3a , it can be seen that there were two major haplotypes of nearly equal frequency (denoted H1 and H2) Genes, Brain and Behavior (2013) 12: 361-369 Figure 1: CRHR1 haplotype block structure in Caucasians. The figure was generated using HAPLOVIEW software (Barrett et al. 2005) . Haplotype block 1 extends from SNP rs4792886 to rs242924 (8 kb). Haplotype block 2 extends from SNP rs242942 to rs1876829 (19 kb). The numbers in the squares (0-100) refer to pairwise linkage disequilibrium measured as D . Haplotype blocks were defined using a setting of average pairwise D of ≥80. The darker the square, the greater the LD. and a minor (i.e. low frequency) haplotype (H3). Cases and controls had similar haplotype frequencies. The results of the logistic regression analysis where H2 (the most frequent haplotype) is the reference haplotype are presented in Table 4 . Within the overall model there was an effect of sex (P < 0.0001) and trauma (P < 0.0001) such that males and trauma-exposed individuals were more likely to be alcohol dependent.
In addition, the H1 haplotype was associated with greater alcoholism risk (p = 0.032). The H1 × trauma interaction was also significant (p = 0.029) and the parameter estimate was negative (β = −0.30, SE = 0.14, p = .029). As shown in Fig. 2 , among individuals not exposed to trauma, the H1/H1 diplotype is a risk factor for AD relative to the H2/H2 diplotype; however, with trauma exposure carriers of the H1/H1 diplotype are more resilient to the development of AD relative to H2/H2 carriers.
Haplotype block 1: secondary SNP analyses
As shown in Table 2 , a significant (corrected P < 0.025) genotype × traumatic stress interaction on the likelihood of developing alcoholism was found for two of the block 1 SNPs: rs110402 and rs242924, These SNPs are in allelic identity (MAF = 0.461). The results of the full models for each SNP are shown in Table 5 . As can be seen from Table 3a , these two SNPs appear to be driving the block 1 haplotype results. Thus the major alleles of rs110402 and rs242924, included in haplotype H1, are protective against risk of AD in individuals exposed to trauma.
Haplotype block 2: haplotype analyses
A similar pattern of results emerged for haplotype block 2 (see Table 6 ). There was a simple effect of sex and trauma (Ps < 0.0001), such that males and trauma-exposed individuals were more likely to meet criteria for alcoholism. Further, there were simple effects for two haplotypes (H1, trend level and H7), which were associated with increased risk of AD. In addition, there were significant haplotype × trauma interactions for both H1 and H7 (P = 0.026 and 0.042, respectively) such that the effects of traumatic stress exposure on alcoholism risk were mitigated by the H1 haplotype. As shown in Fig. 3 , in individuals not exposed to Percentages were calculated from raw counts for each haplotype, trauma status and AD category. For example, of those individuals with the H1/H1 diplotype who were exposed to trauma, 63% were found to be alcohol dependent. A smaller percentage (34%) of those individuals who carried the H1/H1 diplotype and were not exposed to trauma were alcohol dependent.
trauma, the H1/H1 diplotype is a risk factor for AD relative to the H4/H4 diplotype; however with trauma exposure, carriers of the H1/H1 diplotype are more resilient to the development of AD relative to H4/H4 carriers.
Haplotype block 2: secondary SNP analyses
As shown in Table 2 , a significant (corrected P < 0.025) genotype × traumatic stress interaction on the likelihood of developing alcoholism was found for the block two SNPs rs173365 and rs17689966 that are in allelic identity (MAF = 0.428-0.429). Results of the full models for each of the two SNPs are presented in Table 5 . As can be seen in Table 3b , base pairs for SNPs rs173365 and rs17689966 differ from the reference haplotype in both H1 and H7 haplotypes. However, these loci do not differ from H3, H5 and H6 suggesting that these SNPs alone do not account for the observed haplotype effects. Therefore, epistatic effects and/or additional markers not captured in these analyses likely contribute to the haplotype results observed for block 2. In models examining three-way interactions between genetic factors, trauma and sex, which included all lower order interaction terms, there were no significant three-way CRHR1 SNPs/haplotypes × traumatic stress × sex interactions (Ps > 0.10).
Discussion
To further elucidate the putative role of stress dysregulation in the CRF system in the initiation and maintenance of addiction (Koob & Kreek 2007) , this study examined CRHR1 G × E interactions as predictors of alcoholism status in a Percentages were calculated from raw counts for each haplotype, trauma status and AD category. We observe that 56% of individuals who carried the H1/H1 diplotype and were exposed to trauma were found to be alcohol dependent. This percentage is slightly smaller than the percentage (62%) of individuals who carried the H4/H4 reference diplotype and were exposed to trauma who were found to be alcohol dependent. In the absence of trauma, 33% of individuals carrying the H1/H1 diplotype were found to be alcohol dependent. Table 3a ). Statistically significant effects are bolded. OR, odds ratio.
large and well-defined sample of Caucasians. In contrast to many of the CRHR1 G × E studies in depression, our stressor was trauma experienced in adulthood rather than childhood. This is in common with several of the CRHR1 G × E studies on alcoholism and alcohol consumption phenotypes that have had positive outcomes (Blomeyer et al. 2008; Schmid et al. 2010 ). As shown in Table 4 , the haplotype block 1 H1 haplotype had both a main effect and an interactive effect with trauma on risk for AD. Specifically, in individuals not exposed to trauma, the H1/H1 diplotype was found to be a risk factor for AD relative to the H2/H2 diplotype; however, with trauma exposure carriers of the H1/H1 diplotype were found to be more resilient to the development of AD relative to H2/H2 carriers. A similar pattern of results emerged for the H1 haplotype in block 2, indicating that the relative risk of alcoholism was moderated by exposure to traumatic stress. While the available data did not allow us to test the entire TAT haplotype reported by Bradley et al. (2008) and Kranzler et al. (2011a,b) as a moderator of the effect of adverse childhood experiences on lifetime risk of major depression, our findings are consistent in suggesting a G × E effect for this common region of the CRHR1 gene. Our study has shown that the rs110402 and rs242924 SNPs were driving the block 1 haplotype analyses and that the major alleles of these two SNPs are protective against risk of AD in trauma-exposed individuals but conversely increase the risk for AD in individuals who have not experienced adulthood trauma. The direction of these findings is opposite to earlier studies showing that the TAT haplotype, including the minor alleles of rs110402 and rs242924, was protective against major depression in African Americans and Caucasians exposed to childhood trauma Kranzler et al. 2011a ). Moreover, Tyrka et al. (2009) showed that in individuals exposed to childhood trauma, carriers of the major homozygotes of rs110402 and rs242924 showed elevated cortisol response to the dexamethasone suppression test (Tyrka et al. 2009 ).
One possible reason for the different outcomes between our study and the earlier studies is that we used stressors in adulthood and not childhood. For example, Binder et al. (2008) in an analysis of the HPA axis FKBP5 gene showed a G × E effect on post-traumatic stress disorder for childhood trauma but not for adult stressors . It has been shown that significant childhood trauma has a deleterious and permanent effect on the development and functioning of the extra hypothalamic CRF system (Enoch 2010) . Stressors in adulthood may work by different mechanisms. We did not have adequate data on exposure to childhood trauma in the SAGE dataset. Nevertheless, since early life stress is a predictor of adult psychopathology including alcoholism (Enoch 2010) , it is likely that a significant proportion of the alcoholics had been exposed to childhood Results are for effect likelihood ratio (L-R) tests and are given for P < 0.05 (with exception of genotype main effects). All other SNPs showed no significant main or interactive effects on AD. Df, degrees of freedom; Var, variance explained by total model. trauma. Moreover, several studies have shown that exposure to childhood trauma predicts increased risk for subsequent trauma in adulthood including physical assault and rape (Enoch 2010 ). Sample differences may account for the null findings in the Kranzler et al. (2011a,b) study for interactive effects of the TAT haplotype and childhood trauma on lifetime risk of alcoholism. In this study, the sample was comprised exclusively of Caucasians and we found consistent support for the main effect of sex and trauma exposure on the risk for alcoholism. These variables were significant covariates in all models and without these statistical controls the G × E effects were obscured. Rates of exposure to traumatic stress were also quite high in this sample with 50.51% of cases and 28.65% of controls endorsing exposure to either sexual or physical trauma. An even higher percentage of the sample endorsed exposure to non-physical or non-sexual traumas (64.37%) suggesting that the degree of traumatic exposure may impact the ability to detect meaningful G × E effects. Additional studies that can more effectively delineate the nature and intensity of traumatic stress (or childhood trauma) are required to effectively capture genetic effects on clinical outcomes. Failure to properly operationalize the stress or trauma experienced may lead to mixed findings in the G × E literature of psychiatric disorders (Caspi et al. 2010) .
The results of our study are consistent with the findings by Treutlein and colleagues implicating two CRHR1 SNPs (rs242938 and rs1876831), distal to haplotype block 1, with increased alcohol use (Treutlein et al. 2006) , particularly in the context of negative life events (Blomeyer et al. 2008) . Although these studies rely on tag SNPs to capture variance in the CRHR1 gene, they emphasize the need to elucidate the molecular mechanisms underlying CRHR1 expression and function, as they may influence reactivity to stress and possibly alcoholism risk. To that end, recent studies have highlighted the role of the CRHR1 gene in alcohol use in animals (Molander et al. 2012 ) and in clinical samples (Ribbe et al. 2011) . A notable preclinical study compared global CRHR1 knockout mice and conditional brain-specific CRHR1 knockout across a range of alcohol exposure conditions, including an alcohol deprivation paradigm that serves as a relapse analog (Molander et al. 2012) . Results suggested that stress-induced augmentation of alcohol intake and escalation of alcohol intake was lower in the brain-specific knockout mice as compared to control animals. These findings indicate that the contribution of CRHR1 to basal alcohol intake and relapse-like drinking may be limited to situations with a high stress load, underscoring G × E effects for this locus. Further, a clinical study found that a CRHR1 SNP (rs110402; same as the one identified in this study) interacted with a corticotropinreleasing factor-binding protein (CRHBP) SNP (rs3811939) to predict higher risk of comorbid alcoholism in a sample of patients with primary schizophrenia. Of interest, CRHR1 and CRHBP messenger RNA (mRNA) levels were quantified as a biological estimate of ligand efficiency of the CRF system and analyses revealed that these two markers were associated with blood mRNA levels across both alcohol-dependent patients and non-dependent controls (Ribbe et al. 2011 ). Together, these recent studies emphasize the biological plausibility and provide initial mechanistic evidence that the CRF system and the CRHR1 gene in particular, is involved with alcoholism risk through interactions with the stress pathway. This study should be interpreted in light of its strengths and limitations. Study strengths include the well-ascertained and large sample of Caucasian individuals from a publically available database. Study limitations include the reliance on tag SNPs from the Illumina Human 1M beadchip to capture genetic variation in the CRHR1 gene. Moreover, the lack of detailed information on the timing, type and intensity of the traumatic stress exposure and lack of data on childhood trauma precludes fine grained analyses of the specific stress conditions that may interact with CRHR1 genotype to determine alcoholism susceptibility. Specifically, studies have shown that alcohol use itself increases the risk of exposure to traumatic events (Harris et al. 2012 ) such that the relationship between alcohol use and trauma is likely bi-directional. As such, studies that can properly capture the temporal nature of the traumatic exposure in relation to the onset of alcohol problems are needed to more fully elucidate these complex relationship and its genetic determinants.
A large proportion of the sample had experienced traumatic events that did not involve direct physical or sexual trauma. By including these individuals in the 'no trauma' group it is conceivable that claims regarding haplotype/diplotype risk factors in 'no trauma' individuals might be inaccurate. Also, the sample is imbalanced with respect to sex, since there are many more men represented in the alcoholic cases than in the controls. Further, alcoholism is a complex phenotype such that dysregulation of the extra hypothalamic CRF system precipitated by traumatic exposure or otherwise, may be a more salient risk factor for some individuals than others. As such, more discrete clinical phenotypes, such as stressinduced craving (Ray 2011) , may be useful to elucidating the role of stress on alcoholism etiology and maintenance. Likewise, clinical predictors beyond adult traumatic exposure would be useful and may include constructs such as childhood trauma, chronic stress exposure and recent stress exposure, all of which have been associated with worse psychiatric functioning (Huang et al. 2012; Mulia et al. 2008 ). In brief, refined phenotypes at the level of the outcome (dependent variable) and predictors (independent variables) are needed to more fully delineate stress-based pathways of risk and resilience for alcoholism.
It should be noted that the transcription of CRHR1 is complex: alternative splicing results in multiple transcript variants, one of which represents a read-through transcript with the neighboring gene MGC57346. A look at the UCSC gene browser (http://genome.ucsc.edu/) shows that haplotype block 1 extends for a great distance proximally and includes MGC57346. Although this gene is of unknown function, our block 1 haplotype association could theoretically result from MGC57346 rather than CRHR1. Finally, the haplotype results did not quite reach the corrected P < 0.025 although the SNP results, underlying the haplotype results, were significant.
On balance, this study provides evidence of G × E effects implicating several CRHR1 SNPs and haplotypes with alcoholism risk in the context of traumatic stress exposure in adulthood. These findings are consistent with the hypothesized role of the extra hypothalamic CRF system dysregulation in alcoholism and suggest that further molecular genetic studies as well as translational investigations of the CRHR1 gene are warranted.
